Introduction {#s1}
============

Gestational diabetes mellitus (GDM) can cause fetal hyperglycemia and hyperinsulinemia, resulting in macrosomia or neonatal hypoglycemia \[[@R01]\]. It is also known to be a cause of maternal complications such as pregnancy-induced hypertension and pregnancy wastage \[[@R02]\]. To avoid the risk for these maternal and fetal complications, it is crucial to prevent the onset of GDM or detect and start treatment of GDM at an early stage \[[@R03]\]. After the International Association of Diabetes and Pregnancy Study Group (IADPSG) issued new diagnostic criteria of GDM based on Hyperglycemia and Adverse Pregnancy Outcomes (HAPO) in 2010 \[[@R04]\], the number of GDM patients in Japan has markedly increased compared with that when the conventional criteria were used \[[@R05]\]. The present study aimed to clarify the clinical background, treatment methods (diet therapy and introduction of insulin therapy), and perinatal and postpartum outcomes in GDM patients in our hospital. Predictors of GDM onset and the necessity of insulin treatment identified in this study are expected to contribute to prevent worsening of GDM and maternal and fatal complications through early interventions in GDM as well as provide perinatal care guidance to prevent the onset of GDM; therefore, we believe that this study has an implication for the improvement of maternal and child health.

Materials and Methods {#s2}
=====================

This is a retrospective, single-center, observational cohort study. This study was approved by the Ethics Committee of the Jichi Medical University, Saitama Medical Center (No. S17-003) and conforms to the ethical guidelines of the Declaration of Helsinki. In total, 114 pregnant women who underwent GDM screening and were diagnosed with GDM at our hospital between April 2013 and December 2016 were included in this study, except for those with a complication of diabetes mellitus. For GDM screening, a 50-g glucose challenge test (cut-off value: 140 mg/dL) was performed in the second trimester of pregnancy. Women who tested positive in the initial screening test underwent a 75-g oral glucose tolerance test (75-g OGTT), and were diagnosed with GDM if the results meet GDM diagnostic criteria in Guidelines for Obstetrical Practice in Japan 2014 \[[@R06]\].

All women diagnosed with GDM were hospitalized and were fed six-divided diet with tripartition energy (total energy intake (kcal): body mass index (BMI) \< 25 kg/m^2^, standard body weight × 30 + 250 (+ 50 in the first trimester); BMI ≥ 25 kg/m^2^, standard body weight × 30 according to the Guidelines for the Management of Diabetes Mellitus 2016 \[[@R07]\] under self-monitoring of blood glucose. The target blood glucose level was to satisfy both \< 100 mg/dL preprandially and \< 120 mg/dL postprandially according to the Guidelines for the Management of Diabetes Mellitus 2016 \[[@R07]\], and the six-divided diet therapy was introduced in the case of poor blood glucose control. Insulin therapy was introduced when the target blood glucose level was not met even after the introduction of the six-divided diet therapy.

Analysis 1: association between the introduction of insulin therapy and background factors in GDM patients {#s2a}
----------------------------------------------------------------------------------------------------------

The following background factors were analyzed to check whether they had any association with the introduction of insulin therapy: age (years), prevalence of family history of impaired glucose tolerance, non-pregnant body weight (kg), body weight at delivery (kg), BMI, Apgar scores at 1 min and 5 min (points), newborn weight (g), placental weight (g), introduction of the six-divided diet, the number of positive 75-g OGTT results (positive at one time point vs. positive at two or three time points).

Analysis 2: association between insulin dosage (bolus insulin) and background factors in patients for whom insulin was introduced (51 patients) {#s2b}
-----------------------------------------------------------------------------------------------------------------------------------------------

The following background factors were analyzed to check whether they had any association with insulin dosage (bolus insulin): age (years), prevalence of family history of impaired glucose tolerance, non-pregnant maternal body weight (kg), placental weight (g), and introduction of the six-divided diet.

Statistical analysis {#s2c}
--------------------

Results were represented in the form of mean value ± standard deviation or median (25 - 75th percentile). Student's *t*-test or U-test was used for comparison between two groups. Fisher's exact test was used for categorical variables. Multiple regression analysis or logistic regression analysis was used for multivariate analysis. Pearson or Spearman correlation analysis was used for correlation analysis. EZR was used for statistical analyses, and P \< 0.05 was considered to indicate a statistically significant difference.

Results {#s3}
=======

In the overall study population, the age was 34.4 ± 4.5 years; insulin was introduced in 51 cases (44.7%) and not introduced in 63 cases; daily insulin dose was 10 ± 15.8 units/day; 48 patients (42.1%) had a family history of impaired glucose tolerance and 66 patients did not; newborn weight was 2,761 ± 446 g; and 66 patients (57.9%) underwent six-divided diet therapy and 48 did not. In 75-g OGTT, 80 patients tested positive once, and 34 patients tested positive two or three times ([Table 1](#T1){ref-type="table"}).

###### Patient Background

  Item                                                              Mean ± SD
  ----------------------------------------------------------------- -------------------
  Age (years)                                                       34.4 ± 4.5
  Insulin introduction (with/without)                               51 (45%)/63 (55%)
  Bolus insulin used (units/day)                                    10 ± 15.8
  Family history of diabetes mellitus (with/without)                48 (42%)/66 (58%)
  Non-pregnancy body weight (kg)                                    60.1 ± 12.6
  Number of weeks of pregnancy at the time of diagnosis (weeks)     22 ± 6
  Body weight at the time of delivery (kg)                          66.3 ± 12.0
  Apgar score at 1 min                                              7.89 ± 0.71
  Apgar score at 5 min                                              8.87 ± 0.56
  Newborn weight (g)                                                2,761 ± 446
  Placental weight (g)                                              585 ± 177
  Six-divided diet (with/without)                                   66 (58%)/48 (42%)
  Number of positive 75-g OGTT results (once vs. twice or thrice)   80/34

75-g OGTT: 75-g oral glucose tolerance test.

In analysis 1, background factors with differences between the insulin introduction and non-introduction groups were the introduction of the six-divided diet and number of positive 75-g OGTT results ([Table 2](#T2){ref-type="table"}). No differences were found with respect to age, prevalence of family history, non-pregnant maternal body weight, prevalence of obesity, newborn weight, or placental weight. In addition, logistic regression analyses were conducted to identify clinical background parameters contributing to the introduction of insulin therapy. Of the explanatory variables (prevalence rates of family history, late-in-life pregnancy, and obesity and the number of positive 75-g OGTT results), the number of positive 75-g OGTT results was the only significant explanatory variable (odds ratio (OR) 2.04, 95% confidence interval (CI): 1.09 - 3.81, P = 0.025) ([Table 3](#T3){ref-type="table"}).

###### Background Factors That Differed Between the Insulin Non-Introduction Group and the Insulin Introduction Group

                                                                    Insulin non-introduction group (63 patients)   Insulin introduction group (51 patients)   P value
  ----------------------------------------------------------------- ---------------------------------------------- ------------------------------------------ ----------
  Age (years)                                                       34.2 ± 4.50                                    34.6 ± 4.60                                0.619
  Family history of diabetes mellitus (with/without)                22/41                                          26/25                                      0.091
  Non-pregnancy body weight (kg)                                    59 (51.5 - 67.5)                               59 (52.3 - 65.5)                           0.78
  Body weight at the time of delivery (kg)                          64.9 (57.6 - 74.0)                             66.4 (58.1 - 73.3)                         0.843
  Obesity (with/without)                                            28/35                                          16/35                                      0.179
  Apgar score at 1 min                                              8 (8 - 8)                                      8 (8 - 8)                                  0.794
  Apgar score at 5 min                                              9 (9 - 9)                                      9 (9 - 9)                                  0.708
  Newborn weight (g)                                                2,800 (2,681 - 3,047)                          2,720 (2,452 - 3,082)                      0.582
  Placental weight (g)                                              544 (493 - 596)                                572 (491 - 660)                            0.326
  Six-divided diet (with/without)                                   26/37                                          40/11                                      \< 0.001
  Number of positive 75-g OGTT results (once vs. twice or thrice)   46/17                                          28/23                                      0.051

###### Background Factors Contributing to the Necessity of Insulin Introduction

  Univariate analysis                                         
  -------------------------------------- ------ ------------- -------
  With/without family history            1.94   0.91 - 4.12   0.086
  With/without late-in-life pregnancy    1.02   0.94 - 1.11   0.616
  With/without obesity                   1.04   0.96 - 1.12   0.325
  Number of positive 75-g OGTT results   2.04   1.09 - 3.81   0.026

  Multivariate analysis                                       
  -------------------------------------- ------ ------------- -------
  Number of positive 75-g OGTT results   2.04   1.09 - 3.81   0.025

In analysis 2, single and multiple regression analyses were performed, and an association was found between insulin dosage and non-pregnant body weight (r = 0.330, P = 0.005) ([Table 4](#T4){ref-type="table"}). The correlation analysis revealed a positive correlation between the insulin dosage and non-pregnant body weight (r = 0.360, P = 0.012) ([Fig. 1](#F1){ref-type="fig"}). In addition, the insulin dosage was significantly lower in the group of patients who underwent six-divided diet therapy (P = 0.034).

###### Insulin Dosage and Background Factors

  Univariate analysis                                   
  ------------------------------------- ------- ------- -------
  Age (years)                           0.224   0.331   0.500
  Body weight at the time of delivery   0.33    0.120   0.007
  Non-pregnancy body weight (kg)        0.33    0.114   0.005
  Placental weight (g)                  0.014   0.01    0.164

  Multivariate analysis                           
  -------------------------------- ------ ------- -------
  Non-pregnancy body weight (kg)   0.33   0.114   0.005

Std. Er: standard error.

![Correlation between non-pregnancy body weight (kg) and insulin dosage (units/day) (r = 0.360, P = 0.012).](jocmr-11-447-g001){#F1}

Discussion {#s4}
==========

A previous study has shown that an increased number of positive 75-g OGTT results was associated with an increased likelihood of the introduction of insulin therapy \[[@R08]\]. In analysis 1 of the present study, we explored other factors for determining the introduction of insulin therapy. The first background factor that differed between the insulin introduction and non-introduction groups was the number of positive 75-g OGTT results, as was the case in the previous study. The present study also showed that the necessity of introducing insulin was predictable with the number of positive 75-g OGTT results. Starting therapeutic intervention early in the positive 75-g OGTT result group with obesity, which is a factor requiring insulin treatment identified in a previous study \[[@R9]\], appears to be of particular importance. The presence of obesity was not a risk factor for insulin introduction identified in analysis 1. In Japan, 14.3% of women in their 30s are obese \[[@R10]\]; however, the prevalence of obesity in this study was 38.6%. The higher prevalence is likely because our hospital is a university hospital and has many patients with the obesity complication. A future study with an increased number of patients is necessary.

The second risk for insulin introduction was the six-divided diet; significantly more patients in the insulin introduction group underwent the six-divided diet therapy. In our hospital, patients diagnosed with GDM are hospitalized as a rule, fed with the six-divided diet with tripartition calories according to the Guidelines for the Management of Diabetes Mellitus 2016 \[[@R06]\], and have the blood glucose level measured before and 2 h after each meal. The six-divided diet therapy was introduced if patient's preprandial and 2-h-postprandial blood glucose levels were ≥ 100 mg/dL and ≥ 120 mg/dL, respectively, for at least 2 days. This is presumably why significantly more patients in the insulin introduction group underwent six-divided diet therapy.

Analysis 2 explored factors related to insulin dosage in the insulin introduction cases. The first factor identified was the introduction of the six-divided diet. The insulin dosage in the six-divided diet introduction group was smaller than that in the non-introduction group. Horie et al have reported that diet therapy improved glucose tolerance and no longer met GDM criteria in the second trimester in 18 of 41 pregnant women who were found to have impaired glucose tolerance in the first trimester \[[@R11]\]. Another study has shown that diet therapy could delay the time of insulin introduction \[[@R12]\]. These findings indicate that the introduction of the six-divided diet is useful for blood glucose control. It is likely that patients with positive 75-g OGTT results benefit from the introduction of diet therapy. In our hospital, nutritionists provide both inpatients and outpatients with nutritional guidance, and pregnant women self-check if the energy intake level is not excessive or deficient with the firm commitment to blood glucose control. Fetal pancreatic β-cells have been reported to be damaged when mother's energy intake is restricted and can cause impaired glucose tolerance later in life \[[@R13]\]; therefore, it is important that healthcare professionals including physicians, nurses, and nutritionists work together to avoid focusing solely on correcting hyperglycemia and ensure adequate energy intake.

As the second factor, obesity was identified to positively correlate with the insulin dosage. Notably, not the body weight at the time of delivery, but the body weight in the non-pregnant state was a significant positive correlation factor for insulin dosage in this study. Previous studies have shown that mother's obesity while not pregnant and a history of GDM can be risks for GDM \[[@R14], [@R15]\] and that normal BMI during non-pregnancy reduces the risk for maternal and fetal complications in GDM \[[@R16]\]. These findings suggest that weight control during non-pregnancy can be a preventive measure against complications, particularly in patients with a history of GDM. It has already been reported that the incidence of type 2 diabetes is high in women with a history of GDM \[[@R17]\]. Therefore, women who wish to get pregnant should be encouraged to learn about the means of preventing obesity, such as diet therapy and exercise therapy, and establish a healthy lifestyle to prevent lifestyle diseases. It has also been reported that children born to pregnant women with the diabetes mellitus complication or to those with GDM develop metabolic syndrome and obesity later in life \[[@R18], [@R19]\]. Meanwhile, pre-pregnant BMI of \< 18.5 kg/m^2^ has been reported to be associated with an increased risk for low-birth-weight infants \[[@R20]\]. Therefore, to prevent GDM and improve the prognosis of mothers and children, it is important to encourage pre-pregnant women to maintain appropriate body weight.
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